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Abstract 



The disclosure relates to a method and apparatus 
for providing process monitoring within a 
semiconductor wafer processing system (100) 
using multiple process parameters. Specifically, 
the apparatus Includes a signal analyzer (122) 
which analyzes multiple process parameters from 
generators (108.110,114,120) and statistically 
correlates these parameters to detect a change in 
process characteristics such that the endpoint of 
an etch process may be accurately detected, as 
well as detecting other characteristics within the 
chamber (102). The multiple parameters may 
include optical emissia, environmental 
parameters such as pressure and temperature within the reaction chamber. RF power parameters 
such as reflected power or tuning v oltage , and system parameters such as particular system 




configurations and control voltages. 
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2. Claims 

1. A metiiod for zncnitoiring sendconductor wafer processing 
• system parameters comprisinor the steps of: 

acquiring paretmetrlc data inciicative of system 
characteristics; 

correlating said data from various sources of 
. parametric data to form a correlation signal; 

defining a trigger criterion corresponding to a 
particuleir value of said correlation signal to form a 
trigger point; 

comparing said correlation signal to said trigger point 
to determine the existence of a specific characteristic 
within the system; and 

reacting to said conaparison. 

2. The method of claim 1 wherein the parainetric data is 
acquired fey. a plurality of sensors connected to the 
semiconductor wafer processing system, 

3. The merhod of claim 2 wherein one of the sensors detects 
optical emissia of plaszna in the semiconductor wafer 

* processing system. 

4. The method of claim 2 wherein one of the sensors detects 
RP reflected power or tuning vpltage, 

5. The method of claim 2 wherein one of the sensors detects 
temperature in the semiconductor wafer processing system. 

6. The method of claim 2 wherein one of the seiisors detects 
pressure in the semiconductor wafer processing system. 

i 

7 . TSie method of claim 2 wherein one of the sensors detects 
reactive gas analyzer signals in the wafer processing 
system. 
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8. The inethod of claim 1 wherein the trigger criterion ia 
defined by a simultaneous change in two or more wafer 

' processing system parameters . 

9. The method of claim 1 wherein the step of correlating 
data ia accomplished by a signal analyzer that accepts input 
of the parametric data and provides output of control 

• signals to a wafer processing system controller. 

10. An apparatus for monitioring a wafer processing system 
ClOO) using multiple process parameters comprising: 

a plurality of wafer processing system parameter signal 
generators (108, 110, 114, 120) producing a plurality of 
parameter signals, 

a signal analyzer (122) connected to said wafer 
processing system parameter signal generators (108, 110, 
114, 120) for coj^relating two or more parameters, and 

at least one decision output signal (136) from the 
signeQ analyzer (122) . 

11. The apparatus of claim 10 wherein one of the signal 
.generators is an optical sensor (120) -. 

12. The apparatus of claim 10 wherein one of the signal 
generators is an RF reflected power or tuning voltage sensor 
(108), 

13. The apparatus of claim 10 wherein one of the signal 
generators is a temperature sensor (114) . 

14. The apparatus of claim 10 wherein one of the signal 
generators is a chamber pressure sensor (114)r. 

15. The apparatus of claim 10 wherein one of the signal 
generators is a reactive gas analyzer (114) . . 

16. The apparatus of claim 10 wherein one of the signal 
generators is from a wafer processing system controller 
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(110) having an Input of the decision output si^rnal (136) 
from the signal analyzer {122} and a plurality of outputs 
connected to the wafer processing system. 

17 . The apparacus of claim 10 wherein, the signal analyzer 
(122) is a general purpose computer. 

* 18. The apparatus of claim 16 whereui one of* the outputs ia 
an Input Co an RF power supply (108) . 

1^. "Hie apparatus of claim 16 wheredLn one of the outputs is 
an ii^ut to a electrostatic chuck power supply (113) . 

20. The apparatus of claim 16 wherein one of the outputs is 
an input to a gas supply (144) , 
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3. Detaiidd Description of Invention 



BACKGRQUm OF THF DISCLQgnRE 

1. Field of the Invention 

The invention relates to Semiconductor waf ©r processing 
systems and, more particularly^ to a metliod and apparatus 
£or performing in situ monitoring of process .parameters of a 
semiconductor wafer processing system. 

2. Description of the Background Art 
Plasma enhanced processes that occur within a 

semiconductor wafer processing system are generally doeignod 
to run for a specific length of time and are monitored using 
an optical emissions spectroscopy <OES) technique. The OES 
equipment couples to a transparent window of a reaction 
chamber containijig the plasma. The OES equipment monitors 
the optical emissions from Che plasma. Typiceaiy^ a single 
wavelength is extracted (filtered) from all of the emissia 
of the plasma, and the magnitude of the signal at the 
extracted wavelength ixsdicates the present chemistry within 
the chamber. A change in this chemistry will increase or 
decrease the magnitude of the signal at the extracted 
wavelength and, as such, indicate a change in the process 
occurring within the chainber. 

For example, a plasma in a dry etch process is 
typically monitored by extracting the carbon monoxide (CO) 
emission line at 483 5 angstroms. A change in the laagnitude 
of the carbon monoxide line is indicative of the enc^poiht of 
an oxide etch process. 

Extracting a particular line, as well as suppressing 
the noise generated by the plasma at other wavelengths, 
reiquires substantial signal processing and careful OES 
equipment fabrication and calibration. Such endpoint 
detection requires the detection of a very small change in 
signal strength at a particular optical wavelength. As 
such, the desired signal is easily corrupted by noise- if 
care is not taken while monitoring the process, the enc^oint 
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Vh& stratistical ezxgiae is m executable software 
program generally executed on a general puxpose ccai^ter 
system. However, the statistical engine could be a 
subroutine that is executed within the microprocessor of the 
system, controller . 

The statistical engine forms part of a data aecjuisition 
and processing routine that acqaires data from various 
sensors within the semiconductor processing System, 
correlates that data across the various zDeasured parameters, 
and periodically stores the correlated data, a previous 
wafer's correlated data is coiqpared to the present wafer's 
correlated data to determine a correlation trend from wafer- 
to-wafer. If the correlation trend exceeds a particular 
threshold, a wafer-to-wafer flag is set. Depending upon the 
parameters that are correlated to produce the trend, such an 
indication may lesua to the requirement that the chamber be 
cleaned. -The correlation data for the presently-processed 
wafer is also compared to a decision threshold to detezrmine 
whether or not, for example, the etch endpoint has been 
attained for the present wafer. If the endpoint has not 
been attained, the query is answered negatively, and the 
routine continues to acquire data and correlate the data on 
a periodic basis throughout the processing of the present 
wafer. At a point where the decision is made that the 
endpoint has been reached, the process is stopped, and then 
the routine queries whether Mother wafer should be 
processed. If the wafer-to-wafer flag has been set, another 
wafer will not be processed, and the routine will enter a 
new processing phase, e.g., cleaning the chamber. If a new 
wafer' is required, the routine will move to acquire data 
with respect to the next wafer. 

By correlating multiple parameters , the signal to noise 
ratio (SNR) of the correlated signal is substantially 
improved over the SNR of any single parameter. As such, 
smaller process changes can be detected and action, in 
response to those changes, can be rapidly taken. Moreover, 
correlation trend monitoring not only provides wafer 
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processing characterization but system characterization as 
well. 



The teachinge o£ the present invention can be readily 
understood by considering the following detailed description 
in conjunction with. the accompanying drawings. 

To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAIIiED DESCRXPTIQET 

FIG. 1 depicts a block diagram of a semiconductor wafer 
processing systeia 100 coupled to. a signal analyzer 122 o£ 
the present invention. The semiconductor wafer processing 
systein 100 contains a reaction chaitiber 102 having a. wafer 
support pedestal or susceptor 106, an RF power supply 108. a 
chucX power supply 112, a reactive gas supply assembly 148 
and a system controller llO. The susceptor 106 supports the 
wafer 138 In the chamber. Thet susc^tor 106 contains, for 
exaiT^le, an electrostatic chuck 134 for biasing tii& wafer 
and retaining it upon the support surface of the susceptor. 
The chuck is powered by the chuck power supply 112. The 
susceptor also forms a cathode for the plasma generation 
system. The cathode is coupled to the RF power supply 108. 
For exainple, in an etch systein, a plasma is generated by 
coupling the RF power to a reactive gas. The reactive gas 
assembly contains a ges sugqply 14^ that supplies a reactive 
gas via conduit 146 and manifold 142 to the chamber 102. to 
ignite the plasma, RF power is applied to the cathode. The 
chamber walls are grounded, and the electric field between 
the chamber walls and the cathode ignites a plasma 104 
within the reaction chamber. 
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The chuck electrode voltage and the rf power levels are 
controlled by the system controller 110. The plasma 
performs plasma- enhanced dry etching of the surface of the 
semiconductor wafer 138. This simplistic drawing of a 
semiconductor wafer processing system is intended to be 
illustrative of the major components of the system. 

Signal analyzer 122 accjoires data from a number of 
sources within the semiconductor wafer processing system. 
For e?caji:^le. optical emlssia of the plasma 104 are passed 
through a transparent window 116 to the optical detector 
120. The optical detector 120, positioned outside the 
chamber 102 directly in front o£ the window 116, converts 
the optical energy that is coupled through the window into a 
voltage.. The voltage is coupled as one parameter (e.g., an 
optical emission spectroscopy (OBS) pcirameter) to the signal 
analyzer. The optical detector may be of many types such as 
a bandpass photon detector or a photomultiplier tube using a 
monochroinator to select a peurticular opticaLL wavelength for 
detection . 

The KF power supply 108 generates RF parameters. These 
parameters include reflected power or the timing voltiage 
used to tune the match unijt to the impedance of the plasma. 
Changes in the reflected power and/or the tuning voltage are 
indicative of chemistry changes within the chamber. 

The system controller 110 provides control signals to 
the RP power supply 108 and the DC chuck power supply 112 • 
Additionally, it generates system parameter signals which 
are coupled to an input circuit 140 of the signal analyzer 
122. The chamber may also include a nuinber of environmental 
sensors 114 such as temperature sensors, foreline and 
chamber pressure sensors, reactive gas analyzing sensors and 
the like. These sensors generally produce analog voltages 
that are also coupled to the input circuit 140. The input 
circuit synchronizes, digitizes and buffers tlie data, as 
needed. 

The signal analyzer 122 is typically a general purpose 
coinputer having a central processing unit (CPU) 124, a 
plurality of input/output devices 126, support circuits 128 
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(e.g., power supplies, clock circuits, bus controllers, 
cache, and the like), read only memory (ROM) 130, and random 
access meinory (RAM) 132. Hie interrelation and operation of 
these components of a general purpose computer are well 
known in the art. 

The signal analyzer correlates all or a sut)set of the 
paraineterB that are provided as input to the analyzer. The 
data acquisition and processing routine 200 Is an executable 
software program which generally resides in RAM 132 as it is 
executed iy the CPU 124. Decisions made in response to 
processing the parameter's ar« provided as an output ol the 
sighal analyzer 122 . These decisions may be coupled along 
path 136 to the system controller for iirplementation. as 
such, the system controller may ree.Qt to these decisions by 
ending processing, if an endpoint detection is determined, . 
or initiating a cleaning function, if cleaning of the 
chamber is deemed required. The parameters and correlated 
data may also he stored in the RAM 132 for historical review 
of processing trends. As such, new parameters may be 
determined for future monitoring. 

Although the signal analyzer 122 is described herein as 
being a stand alone general puxxx)se computer that is 
programmed to perform the data ac<zuisition and processing 
functions, these fimctions may be incorporated into tha 
system controller 110 and executed pii the mic!roprocessor of 
the system controller. 

By correlating a number of signals and/ or parameters 
that are monitored by the signal analyzer, the signal-to- 
noise ratio (SNR) of the correlated parameters is increased 
over the SNR of any one parameter signal alone. As such, 
for a nuinber of parameters, the parameters are knovvn to 
simultaneously change at a particulsur point during 
processing of the wafer. All of those changes can be 
correlated such that the detected signal is much larger than 
the underlying noise of the system. For exaunple, a pressure 
change at the endpoint in a photoresist strip process can be 
correlated with the RF parameters that change due to a 
decrease in a chamber pressure. Such a pressure decrease 
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causes the natcli control unit to change the control voltage 
to insure that the RF potffer is xnatched to the new chaxnber 
pressiire. Further, a signal is provided by the system 
controller to change the gae flow rate from the gas sijpply 
144. In addition, at the point in a photoresist strip 
process when the pressure changes, the plasma optical 
emissia also will change. Thus, these three parameters 
(e.g., clvainber pxessure/ match control voltage and optical 
emissions) can be correlated to best indicate the endpoint 
has been reached in a photoresist strip process. 
Additionally, these correlated signals as well as others can 
be znonitored from wafer- to^wafer such that trends in the 
correlated signals can be detected. Such trends aire 
indicative of build-up of impurities and deposits within the 
chaiiiber. When these wafer-to-wafer correlated signals 
exceed a certain threshold, tlie cbainber can be deactivated 
and a cleaning process engaged. 

To further improve the decision making properties of 
the signal analyzer, we'll -known techniques for decision 
making can be used such as fuzzy logic, neural networks or 
stochastic processing. 

FIG, 2 depicts a signal acquisition and analysis 
routine 2O0 that is executed by the signal analyzer (122 of 
FIG. 1). The routine begins at step 202 and proceeds to 
step 204 wherein tlie data representing the various 
parameters is acquired. Data acquisition occurs by the 
signal analyzer 122 periodically polling the various 
parameter sources for input circuit data. Alternately, the 
data may be provided to the input circuit on an interrupt 
basis or as a combination of polling and interzrupt. 
Depending upon the characteristic that is being monitored, 
all or a subset of the parameters may be used in the data 
correlation and processing steps. 

Using a statistical engine 224, all of the parameters 
selected to provide inEormation for a particular process are 
correlated with one another and stored in memory at step 
206. The statistical engine 224 also performs, at step 208^ 
a wafer-to-wafer correlation, wherein correlated data from 
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previous wafers at this point in the process are coinpared to 
the presently acquired correlated data in an effort to 
statistically determine a trend in the wafer-to-wafer 
correlated signals. The wafer-to-wafer correlation may also 
be performed by conparing the presently acquired correlated 
data to a theoretical loodel of expected values . The trend 
is indicative of a chamber that contains impurities and 
requires cleaning. As such, the wafer- to -wafer correlation 
signal is coinpared to a threshold at step 210, and if the 
correlation signal exceeds the threshold, the routine sets a 
wafer -to-wafer flag. This flag indicates whether the 
chamber re<xuires cleaning , or some other process, after the 
present wafer has completed processing. 

The threshold values and correlated signals are 
preferably e^ressed as a ratio of itionitored parameters. 
For exaiciple, the signal analyzer 122 receives signals 
representative of source tuning (ST)^ load (SL) and current 
(SI) levels and bias tuning (DT) , load (BL) and current (BI) 
levels. Calculation of the escpression C = (STxBTxSI)/iSLxBLxBi) 
results in a value for determining if chamber cleaning is 
re«iuired* Specifically, if 1< c 2, then the chamber is 
functioning within its noxinal operating range. If C<1, this 
condition indicates a hardware failure in the system. If 
C>2, Chen the chamber has exceeded sanitary limits and must 
be cleaned. Alternately, the ratio .of carbon to fluorine 
can be monitored agaixxst a theoretical value progrojsmed into 
the signal analyzer, if the observed ratio departs from the 
theoretical value, this also indicates that the chamber must 
be cleaned. I 

At step 212, the correlated data for the presently 
processed wafer is compared to a threshold, and the routine 
decides whether to continue processing or to cease 
processing for this particular wafer. For example. If an 
etch endpoint is to be detected and the correlated signal 
does not exceed the threshold indicating the endpoint has 
been attained, the routine will proceed along the NO path 
220 to continue the etch process and acquire data at the 
next data acquisition period using step 204 . Ihi.3 loop is 
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repeated until a decision is made that the enc3polnt has been 
attained, and at that point, the (juery block of step 212 
will proceed along the YEs| paxih to step 214. 

At step 214, the signal analyzer will cause the system 
to react to the decision. Such a reaction may be as single 
as illuniinating an indicator lamp, indicating that the 
en<^int has been attained, or it may require a signal to be 
sent to the system controller to automatically deactivate 
processing. At step 216, the routine queries whether 
another wafer will be processed, if the query at step 216 
is affirmatively answered, the routine proceeds along path 
222 to acquire more data with respect to the next wafer. If 
another wafer is not to be processed, i.e., the wafer-to- 
wafer flag is set indicating that the chamber is due for a 
cleaning process, the routine exits at step 218. 

In s\jun, a semiconductor wafer processing chamber is 
monitored by a signal analyzer that accepts environmental 
and system parametric data during wafer processing to detect 
changes in wafer processing characteristics. Depending on 
this data, the signal analyzer detearmines optimal wafer 
processing conditions and reacts accordingly. Specifically, 
a statistical engine correlates two or more of the 
parameters to determine completion of a particular process. 
The correlation of two or more signals reduces the overall 
signal-to-noise ratio thereby inpproying detection of a 
desired process condition (i.e., wafer processing endpoint) . 
Additionally, the correlated data can be compared to 
previous data or a baseline theoretical model to determine 
trends that occur dxiring processing. The trends are 
indicative of chamber characteristics that require 
correction or evaluation for improved wafer processing 
(i .e. , chamber cleaning re<5uired or additional parameters 
monitorable for increased acc\iracy in enc^point detection) . 
As such, a more precisely manufactured product (i.e., a 
semiconductor wafer) is produced under improved 
manufacturing conditions . 

* Although various embodiments which incorporate the 
teachings of the present invention have been shown and 
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described in detail herein, those skilled in the art can 
readily devise many other varied enibodiinents that still 
incorporate these teachings. 
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4. Brief Description of Drawings 

nr.JJ''' ' ^ ^^''^'^ semiconductor wafer 

processing system containiing a multiple p^eter signal 
analyzer in accordance with th« present inv«.tion; anT 

.ro. J'f' ' ^ ^^^^ * "^'^ acquisition and 

processing routine. 
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1. Abstract 

A method and apparatus that provides process monitoring 
within a semiconductor wafer processing system using 
multiple process parameters. Specifically, the apparatus 
analyzes ntultiple process parameters and statistically 
correlates these parameters to detect a change in- process 
characteristics such that the endpoint of an -etch process 
may be accurately detected, as well as detecting other 
characteristics within the chamber. The multiple parameters 
may include optical emlssia. environmental parameters such 
as pressure and teir«)erature within the reaction chamber, rf 
power parameters such as reflected power or tuning voltage, 
and system parameters such as particular system 
configurations emd control voltages. 



Representative Drawing 
Fig. 1 



